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The next decade will see a revolulion m e elec
tronecs indusiry in which the functionality of Inte-
grated Circoits (ICs) grows bewvond the traditonal
rode of processing and sioring data and controlling
clectrical functions.  The imelligent microsystem
revolution is the next step in the evolution of the
electronics industry, and will begin 1o allow com
plex systems-on-a-chip to directly interact with their
environment by sensing, aclesing, and communi
cating without the need for external hardware.

The electronics industry is already evolving towards
increased functionality on a single chip. For in
stance, the microprocessor/microconirodler has
grown from a multi-chip &t in the 1980s © a single
chip that contains logic devices as well as stanc
memory, non-volatile memory, amd even dynamic
memory in some cases.  Similardy, mixed signal
{analog/digial} functions did pot appear in the mar-
ketplace until quite recently.

The imtelligent, integrated microsystem revolution
will be the next leap in functionality for the elec-
promics industry, Figure | is an electron micrograph
of a spider mite resting on an example of one of
these devices, a set of mechamcal gears made m a
conventional 1C foundry with conventional micro-
electronics manufacturing techmigues and eguapmeant.

Figure !, An eleciron micrograph of a spider mite siffing
oM & 5er pfp-r.!:.lﬂ.!l'e'.'rr: BErrs,
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The market for microsysiems based on semicon-
ductor processing began 1o emerge in the 19708 with
the introduction of the bulk micromachined pressure
sensor.  Today, these pressure sensors see applica
tions &s diverse as in-vivo blood pressure monitoring
and aumtomalive manifold air pressure senging.  Fig
ure 2 summarizes the projection of six different
markel sudies o MECTOEYEIEmS hetween 1995 and
the vear 2000, Althouprh these studies diller some
what because of varving definitions of the micro-
sysicm market itself, different cost prowih models,
and different groups surveyed (supplicrs vs. end
users), the clear trend among the projections & Ui
the market has tremendous growth potential and will
range from US 53 billion 1o $30 billion by the year
2N
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Figwre 2 Minimum, meon, ond mavieaen of profected
mgrke! Iremds from S0 marke? shedles for work mIcrogys-
tems marker. [ chowld be nofed fral thete Surveys ke
different approacher and arsumptions for esfimating the
marker oy well as different definitions for that marker.  The
frend Surd can B token from DESe Surveys if ihe tremen-
dous wize and growth polential for micrasyilems, [(Source:
Eiid Marshall, Micromackined Devicer, 1997 )

Microsvstems technology heavily leverages devel-
opments made in semconductor processing over L
past decade, Although there are a variety of tech-
nalogies that fall under the umbrella of microsys-
terns, the vast majority of these technologies depend
on the precision hthography and eiching developéed
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as part of the semiconductor industry, Some fech
nodogies such as polysilicon surface micromachining
(first developed by B, Howe and colleagees a1 U.C.
Berkelev) or the integration of these devices with
microelectronic devices in a8 monolithic manufac-
turing process (commercially demonstrated by Ana
log Devices, Inc. with their ADX1-50 accelerome-
ter) draw their manufacturing techniques entirely
from the semiconductor area. Other techniques such
as LIGA (a German acronym for lithography, elec
troforming, &nd injection molding) leverage only the
lithography from the semiconductor world,

Microsystems or Inelligent, Integrated Swvstems
(I’8) are comhinations of sensors (either chemical or
physical or both), MicroElectromechanical Svstems
(MEMS), ICs, and miniature communications sys-
tems (RF. optical, eic.) Here, we will focus on the
equipment and manufacturing needs for the subset of
microgystems called IMEMS (Imegrated MicroE-
lectroMechanical Systems). IMEMS 15 essentally a
combination of the MEMS and IC pomions of the
micTosysiem domivin,

Equipment and material suppliers o the semicon-
ductor Indusiry need to be aware of this emerging
technolopy, the manufacture of which requires their
products.  The fime to begin to adapt 0 meet the
needs of the manulacturers of microsystems i3 fast
approaching. The basic differences between micro-
system manufacturing and classical semiconductor
manufacmring fall in two areas: 1.) Increased film
thicknesses, aspect ratios, and topography of micro-
systems, and 2.3 Specialized packaging and handling
needs for compleled components. More specific 1o
the field of MEMS are the differences histed im Ta-
ble 1. The thicknesses of the films used for MEMS
are approximately 2 to 6 tmes the maximum film
thicknesses used in IC manufaciuring. The mini-
mum feature size for the present peneration of
MEMS is 1 micron, although smaller feature sizes
can be useful in some applications. The IC induestry
builds at feature sizes of 0,35 micron today and
continees to push towards smaller critical dimen-
sions, The desired aspect ratio of etcches for MEMS
and the topography resulting from (he patterning of
film seacks is much greater than found in IC mano-
facturing. Finally, as shown in Figure 3, the overall
lincar dimension of 8 MEMS component can be 1K)
microns or larger compared 10 the | micron linear
dimension of teday’s microclectronic devices.

ICs MEMS
Film Thickness (pm) <] 2-6
Critical Dimension (um) | 033 |1 |
Aspect Ratio 2:1 | 6:1
l'opography (pum) <l | 410
Device Size (um) | 100

Table I, Comportion of characierisnc thicknerses, dimen

MEMS Resomabor {500 pm overall, 1 Bm femiure size)

Transizior (% jim overall, 2 jbm feature size)

sians, dnd sizes berween fpicad 1O devices and MEMS
devices.,

Figure 3. Comparison of device size and feature
gsize for @ MEMS device and a fransisior manifac-
twred in Sandia Natonal Laboratories’ IMEMS

[PrOCESS.

The film thickness of MEMS and the resulting to-
pography generate special needs for manufaciuring
equipment in the areas of film deposition, photo-
lithography, etching, and planarization. Deposition
equipment and processes must be able o accomodate
the increased film thicknesses withour excessive
downtime for maintenance and cleaning. A single
MEMS deposition can be equivalent in terms of
maimtenance requirements (o ten depositions lor an
IC process. These films deposited with increased
thickness must also be relatively low in stress and n
stress gradient we prevent film delamination, dimen
sional changes, and curling of the [nal MEMS
siructures. Siep coverage over the topography of
previously deposited and patierned films is an issue
&y well as keyvhole formation during the fill of high
aspect ratio trenches,

MEMS penerates special challenges in the pholo-
lithography area related o depth of focus, control of
the focul plane self, and photoresist  coal-
ing/removal processes,
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Dry eiwching equipment and processes for MEMS
fabrication must deliver increased mask and stopping
layer selectuvity, increased ewch rates, and high as-
pect ratio trenches. The elimination of stringers
near topographical features is alsp an impomant con-
sideration for eiching equipment.

The use of planarization techniques such as Chemi-
cal Mechanical Polishing (CMP), spin-on-glass,
deposition/etchback processes, and double LOCOS
(LOCal Oxidation of Silicon) can belp eliminae
many of the topographical features of MEMS with a
concomitant relaxation of the processing equipment
requirements for those devices. CMP has proven to
be particularly effective at increasing the manufac-
turability of MEMS devices in conventional IC
processing equipment,

The final area of equipment development for the
ficld of MEMS is in the release and packaging of the
MEMS components. The final step in most MEMS
manufacturing processes is the removal of a sacrifi-
cial film (usually silicon dioxide or photoresist) to
free the moving mechanical structures of the MEMS
device, Equipment for this removal and the subse-
quent handling of the released structures is a unique
requirement o the field of MEMS.
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In summary, the rapidly growing field of microsys-
tems offers advantages over conventional products in
the areas of cost, volomeSweight, and reliability.
Improvements in deposition, photolithography, and
etching equipment and processes are needed o sup-
pori this emerging Beld. New equipment and tech-
niques are required for planarization, release, and
packaging of MEMS componems. These require-
ments offer new opporunities for equipment and
material vendors 1o develop an additional market for
their wares.

Further informarion abowt microgystens, MEMS,
and links 1o other MEMS research program web
pages can be found ar Sandia’s Micromachine
Website: kitp:/fwww, mdl, sandia. govimicromachineg
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